1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

o WATIG,

HE

M 'NS;))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Int J Gynecol Cancer. 2013 June ; 23(5): 815-822. d0i:10.1097/IGC.0b013e31828f7a24.

CA-125 Level as a Prognostic Indicator in Type | and Type Il
Epithelial Ovarian Cancer

Xiaoxiang Chen, MD, PhD2P-¢, Jing Zhang, MD, PhD2, Wenjun Cheng, MD, PhDY, Doo
Young Chang, MD?, Jianfei Huang, MD, PhD2, Xuan Wang®, Lizhou Jia, MD?, Daniel G.
Rosen, MDf, Wei Zhang, PhD?2, Da Yang, PhD2, David M. Gershenson, MDY, Anil K. Sood,
M.D., Ph.D.9, Robert C. Bast Jr., MD"", and Jinsong Liu, MD, PhD":2

aDepartment of Pathology, The University of Texas MD Anderson Cancer Center, Houston, TX
77030, USA

bState Key Laboratory of Bioelectronics, South University, Nanjing 210096, PR China

¢Department of Gynecologic Oncology, Jiangsu Cancer Hospital, Nanjing, Jiangsu 210009, PR
China

dDepartment of Obstetrics and Gynecology, The First Affiliated Hospital of Nanjing Medical
University, Nanjing, 210029, PR China

eDepartment of Biostatistics, The University of Texas MD Anderson Cancer Center, Houston, TX
77030, USA

fDepartment of Pathology, Baylor College of Medicine

9Gynecologic Oncology and Cancer Biology, The University of Texas MD Anderson Cancer
Center, Houston, Texas 77030, USA

hDepartment of Experimental Therapeutics, The University of Texas MD Anderson Cancer
Center, Houston, Texas 77030, USA

Abstract

Objective—The majority of patients with epithelial ovarian cancer achieved a complete clinical
remission with normal CA-125 will still relapse and die from their disease. The present study was
to determine whether CA-125 levels before, during and after primary treatment provided
prognostic information for both Type | and Type Il ovarian cancer.

Methods—In this retrospective study, we identified 410 epithelial ovarian cancer patients who
had achieved a CCR between 1984 and 2011. A Cox proportional hazards model and log-rank test
were used to assess associations between the nadir CA-125, histotype, and prognosis.

Results—The baseline serum CA-125 concentration was higher in patients with type Il ovarian
cancer than in those with type I (p < 0.001). The nadir CA-125 was an independent predictor of
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PFS (p < 0.001) and OS (p = 0.035) duration. The PFS and OS durations were 21.7 and 79.4
months in patients with CA-125 < 10 U/ml and 13.6 and 64.6 months in those with 11-35 U/ml (p
=0.01 and 0.002, respectively). Histotype was an independent predictor of PFS (p = 0.041): the
PFS and OS durations of type | patients were longer than those in type Il (p < 0.001 and < 0.001,
respectively).

Conclusions—The nadir CA-125 and the histotype are predictive of PFS and OS duration in
ovarian cancers experienced a CCR. PFS and OS durations were shorter in patients with CA-125
levels of 11-35 U/ml and type Il disease than in those with < 10 U/ml and type I.

Keywords
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Introduction

Epithelial ovarian cancer leads to more deaths than all other gynecological malignancies in
northern and Western Europe and North America. In 2012, an estimated 22,280 new patients
will be diagnosed and 15,500 died in the United States[1]. More than 50% of patients enter a
complete clinical remission (CCR) after primary treatment, but most ultimately experience
tumor relapse and die within 5 years [2]. The high recurrence frequency illustrates the need
for prognostic indicators to determine which patients who might benefit from personalized
consolidation and maintenance therapy [3].

Over the past three decades, the serum tumor marker CA-125 has been reported to
distinguish malignant from benign pelvic masses, monitor therapeutic response and detect
recurrent disease [4]. The prognostic significance of CA-125 remains unresolved. Studies
have evaluated the prognostic significance of CA-125 levels at various time points,
including at diagnosis [5], prior to primary cytoreductive surgery [6], before neo-adjuvant
[7] and first-line adjuvant chemotherapy and at relapse, to determine whether they correlate
with prognosis, but the role of CA-125 in prognostication remains controversial [8].

Previous studies have reported that the nadir CA-125 is a prognostic factor in ovarian cancer
patients who have experienced a CCR [9-15]. Although these studies did not use a unified
cut-off for serum CA-125 concentration, most found that a higher CA-125 level within the
normal range was associated with a higher hazard ratio for relapse or death. Previous studies
have not taken into account the biologic heterogeneity of ovarian cancer.

Ovarian cancer is not a single disease entity, but rather comprises a heterogeneous group of
tumors with distinct clinicopathological characteristics [16-17]. Differing CA-125 levels
have been found in patients with different ovarian cancer subtypes, such as low levels in
mucinous and clear cell cancer [5, 18]. Inconsistent outcomes regarding the prognostic
significance of CA-125 may relate to a failure to consider tumor grade and histotype. Recent
studies suggest that ovarian cancers can be grouped into two broad categories: type | and
type 11 based upon distinct clinicopathological and molecular genetic features. Type |
cancers are of low grade and include well differentiated serous, endometrioid, mucinous,
and clear cell carcinomas. Type Il tumors include high-grade serous, high-grade
endometrioid, undifferentiated carcinomas and malignant mixed mesodermal tumors
(carcinosarcomas). Type | ovarian cancers present in early stage, grow slowly and respond
less frequently to platinum based therapy. Type Il ovarian cancers present at more advanced
stages and grow aggressively, constitute approximately 75% of ovarian cancer and are
responsible for 90% of ovarian cancer deaths, but respond to platinum based therapy. Type |
tumors have few copy number abnormalities, but exhibit activating mutations of Ras, Raf
and PTEN. Type Il ovarian cancers are driven by multiple areas of amplification and
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deletion; while virtually all high grade serous cancers have mutations in p53 gene and 40%
of these cancer showed mutation or epigenetic alteration in BRCAL or BRCA2 [16-17,
19-21].

In the present study, we compared the prognostic significance of CA-125 in type | and type
Il ovarian cancers, evaluating the CA-125 during and at the conclusion of the primary
treatment for each type of ovarian cancer in patients at The University of Texas MD
Anderson Cancer Center (Houston, TX) who had achieved a CCR without consolidation or
maintenance therapy. We then determined whether the CA-125 level, measured at different
time points in type | and 11 tumors, was predictive of PFS and OS duration.

Study population

Using the tumor registry and pathology databases, we identified patients who had undergone
treatment between January 1, 1984, and February 14, 2011 at MD Anderson Cancer Center.
Serial serum CA-125 concentrations were obtained retrospectively at different treatment
points in time: at baseline, before surgery, before chemotherapy, the narir CA-125, and at
relapse. Cases in which a second-look surgery was performed, with detailed surgical notes
provided a further group for study.

Clinicopathological data and CA-125 were analyzed from medical records after chart
review. The following data were collected: age at diagnosis; ethnicity; height; weight;
family cancer history; menopausal status; tumor histological type and grade; International
Federation of Gynecology and Obstetrics disease stage; primary treatment, such as
cytoreductive surgery, first-line chemotherapy (non-paclitaxel-based [mainly CAP, PVB, or
PP) or paclitaxel-based [mainly TC or DC]); clinical treatment response; second-look
surgical findings; ascites volume; time and management of recurrence; and date of death.

OS duration was defined as the interval from the time of diagnosis until death or last follow-
up for patients who were still alive. The PFS duration was determined by calculating the
interval from the time of first evaluation after the end of primary treatment to progression.
The pathological disease types for all patients had been previously reviewed by MD
Anderson gynecological pathologists (J.L. and J.Z.). The tumors were classified as type | or
Il according to the criteria proposed by Shih et al [16-17, 19].

Definition of clinical response and CA-125 analysis

Clinical response and progression were assessed according to Response Evaluation Criteria
in Solid Tumors (RECIST) [22]. A CCR was defined as (1) no residual tumor on imaging
studies; (2) no signs of residual tumor on physical examination; (3) absence of tumor-
associated clinical symptoms; and (4) serum CA-125 concentration < 35 U/ml. Pathological
complete remission were judged by laparoscopy and/or laparotomy.

The serum CA-125 concentration was determined using a commercially available Roche
immunoassay assay system in MD Anderson’s clinical laboratory. In clinical practice, a
reference value of 35 U/ml is generally considered to be the upper limit of normal. The
measurement time points were defined as follows: baseline, at diagnosis; before surgery,
within 2 weeks before the primary surgery; before chemotherapy, within 2 weeks before
primary adjuvant chemotherapy; the CA-125 nadir, the lowest CA-125 value from diagnosis
to at least 1 month after primary treatment which including surgery and chemotherapy
commonly; and at relapse, within 2 weeks of a relapse being confirmed.
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Statistical analysis

Results

The Cox proportional hazards model was used to assess the association between absolute
serum CA-125 level, pathological type and survival duration. Kaplan-Meier estimates of
PFS and OS, stratified by various possible prognostic factor categories including CA-125
level as dichotomous variables around the median value, were calculated and compared
using the log-rank test. The CA-125 level was further evaluated survival hazard ratio (HR)
using previously reported subgroups: < 10 U/ml, 11-20 U/ml, and 21-35 U/ml. Step-wise
regression techniques were used to build multivariate models, using a significance level of
0.15 to remain in the model. Associations were regarded as significant if the two-sided p
value was < 0.05. All analyses were conducted using SPSS software (version 18.0; SSPS
Inc, Chicago, IL). Baseline serum CA-125 concentrations in the type I and Il tumor groups
were compared using a Student’s £test. A multivariate logistic regression analysis model
was used to determine the association between CA-125 level and residual tumor and relapse,
adjusted by pathological disease type.

This retrospective study was approved by the institutional review board of MD Anderson,
and informed patient consent was waived by the M.D. Anderson Institutional Review Board.

Patient characteristics

Nine hundred ninety ovarian cancer patients met the inclusion criteria for this study. Their
characteristics are described in Table 1. Among the endometrioid ovarian cancers, we found
that 14.1%, 42.3%, and 43.7% of cases were grades 1, 2, and 3, respectively. Most non-
endometrioid ovarian carcinomas were high grade (n = 831 [90.4%]) rather than low grade
(n =88 [9.6%]). The most common histological type was high grade serous carcinoma (n=
706 [71.3%]). Five hundred ninety-seven (60.3%) epithelial ovarian cancer patients
experienced a radiological remission after primary cytoreduction and first-line
chemotherapy, and 410 patients (41.4%) experienced a CCR criterion without undergoing
consolidation or maintenance therapy. Seventy-two patients underwent second-look surgery,
and 43 (59.7%) of these patients had achieved a pathological complete remission (pCR).

There are 177 type | and 813 type Il ovarian cancer cases. The baseline CA-125 level in
patients with type Il ovarian cancer (median, 937 U/ml; interquartile range, 126-2,820 U/ml)
was higher than in those with type | (median, 171 U/ml; interquartile range, 26-996 U/ml, p
< 0.001), as shown in Figure 1. Interestingly, in mixed ovarian cancer (two or more
components), the median serum CA-125 concentration was higher in those with serous or
undifferentiated components than in those without these components (959 U/ml vs. 258.5 U/
ml; range, 31-16,852 U/ml vs. 18-9345 U/ml; p < 0.001). In addition, the CA-125
expression level was higher in tissue of type Il ovarian cancer than that of type I, as shown
in Figure S1. There was no difference of the nadir CA-125 in type | (median 10 U/ml, range
5-34 U/ml) and type Il (median 10 U/ml, range 4-35 U/ml) ovarian cancer achieved CCR (p
=0.79).

The nadir CA-125 is an independent prognostic factor

In all patients with ovarian cancer in CCR, we found that the nadir CA-125 was predictive
of PFS (p < 0.001) and OS (p < 0.001) duration in a Cox proportional hazards model
univariate analysis. Baseline and preoperative serum concentrations were also related to PFS
and OS, as shown in Table 2 and Table S1, but, only the nadir CA-125 was independently
associated with PFS (p < 0.001) and OS (p = 0.035) in multivariate analysis (Table 3). The
nadir CA-125 was predictive of PFS both in type | and type Il ovarian cancer in univariate
(p<0.001 and p<0.001) and multivariate (p<0.001 and p<0.001) analysis. The nadir CA-125
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was predictive of OS both in type | (p=0.002) and type Il (p=0.002) ovarian cancer in
univariate analysis and multivariate analysis (p=0.005 and 0.04 respectively).

Median CA-125 level as the cut-off point, we compared the relapse and death hazard ratio of
patients with higher CA-125 level than those with lower CA-125 at different time points.
The PFS and OS HRs of the nadir CA-125 (1.8, 95% Cl, 1.43-2.26; and 2.61, 95% ClI,
1.18-3.12, respectively) were higher than those at diagnosis and before and after surgery
(Figure 2). Stratification analysis revealed PFS and OS HRs of 1.23 (95% Cl, 0.92-1.67) and
1.27 (95% Cl, 0.98-1.64) for 11-20 U/ml and 2.32 (95% Cl, 1.54-3.47) and 2.48 (95% Cl,
1.71-3.58) for 21-35 U/ml, respectively.

The nadir CA-125 level is predictive of prognosis but not the presence of residual tumor

Median PFS and OS durations of patients with CCR ovarian cancer were 18.0 months (95%
Cl, 14.8-21.2) and 72.1 months (95% CI, 63.4-80.8 months), respectively. The median
follow-up period of the survivors was 38 months at the end of present study (interquartile
range, 20.4-73.2 months).

Complete clinical remission ovarian cancer patients with a serum CA-125 concentration of <
10 U/ml (median value) had longer PFS and OS durations than did those with 11-35 U/ml,
as shown in Figure 3A and 3B, as well in type | (Figure S4A and S4B) and type Il (Figure
S4C and S4D) ovarian cancer respectively.

Patients who had experienced a pCR at the time of their second-look surgery had longer PFS
and OS durations (median, 20.8 and 76.8 months versus 10.8 and 52.8 months, respectively;
p < 0.001 for both) than did those who had not experienced a pCR. No significant
correlation was found between CA-125 level and residual tumor found (including
microscopic and gross residual tumor) during the second-look surgery (p = 0.094). However,
we found a correlation between CA-125 level and tumor relapse (p = 0.003, Table S2, 3, 4).
The nadir CA-125 was higher in relapsed cases than in non-relapsed cases. These results
suggest that CA-125 level is predictive of relapse but not residual tumor, as shown in Figure
S2, 3.

The nadir CA-125in Type | and type Il ovarian cancers predict prognosis

The pathological disease type | and type Il was associated with PFS (p < 0.001) and OS (p
<0.001) duration in univariate analysis (Table S1), and independently associated with PFS
(p =0.041) but not OS (p = 0.279) in multivariate analysis (Table 3). Other than the nadir
CA-125, FIGO stage (p<0.001 and p<0.001) were independently associated with PFS and
OS in type | ovarian cancers, whereas FIGO stage (p<0.001 and p=0.02), tumor residual
(p<0.004 and p=0.09) and ascites (p=0.2 and p=0.008) were significant prognostic factors in
type Il ovarian cancers. Using the median nadir CA-125 as the cut-off point, we found that
the mortality HR (2.51 [95% Cl, 2.09-3.02]) and relapse HR (1.77 [95% Cl, 1.38-2.28])
were higher in patients with type Il tumors than in those with type | tumors (1.84 [95% ClI,
1.01-3.34] and 1.25 [95% ClI, 0.625-2.49], respectively), as shown in Figure 2. Patients with
type Il tumors who had experienced a CCR had shorter PFS and OS durations than did those
with type | tumors (Figure 3C and 3D). Even among patients with CA-125 10-35 U/ml, the
PFS and OS durations were shorter in those with type Il tumors than in those with type I, as
shown in Figure S5C and S5D.

Discussion

We have determined the prognostic significance of CA-125 in patients with Type | and Type
Il ovarian cancer who achieved a CCR after primary therapy. The reference value of 35 U/
ml for CA-125 is based on levels in healthy women; some studies have suggested using
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lower cut-off values would be of greater value for monitoring and managing ovarian cancer
[23-25]. Our results agree with those of most previous studies that the nadir CA-125 is an
appropriate indicator of PFS and OS in patients who have experienced a CCR, although no
consensus exists about a fixed cut-off. Some researchers have suggested a reference based
on the observed median serum CA-125 concentration [15], whereas others have used an
arbitrary cut-off value or an interval to stratify the cohort [9-14, 26-27].

The hazard ratio for prognosis in the present study is similar to that in most related studies,
whether the cut-off point is 10 U/ml or three intervals (< 10 U/ml, 10-20 U/ml, and 20-35 U/
ml) as shown in table 4. Crawford et a/. [13] determined differences in the nadir CA-125 in
106 patients with a CCR and found a statistically significant HR difference in the time to
biochemical progression (two values > 60 U/ml) between patients with CA-125 > 11-20 or
21-30 U/ml and those with CA-125 < 10 U/ml. Markman et a/. [26] further confirmed that
CA-125 > 10 U/ml is predictive of progression. However, Pignata ef a/. [28] found no
difference in PFS between low and intermediate values in an Italian group. Juretzka et al.
[15] found a difference in PFS (< 10 U/ml, 3.0 years [median]; 11-20 U/ml, 2.4 years; and
21-30 U/ml, 1.2 years; P = 0.007) but not OS among three intervals. In a study of advanced
cancer patients in Spain, Prat et a/. [9] found the PFS and OS duration were comparatively
longer for CA-125 < 10 U/ml subgroup, respectively. Using the same criteria, Kang ef al.
[27] found a progression HR of 2.45 (95% ClI, 1.55-3.88) in CA-125 > 10 U/ml Korean
population. Gard et a/. [14] declared a progression HR was higher in patients with CA-125 >
15 U/ml; Kang et a/. [10] found a survival hazard ratio increasing for 12-18 U/ml and
18-35U/ml in Korean patients; and Altena ef a/. [11] claimed an independent progression
HR increasing to 1.51 (95% CI, 1.04-2.31 while CA-125 > 5 U/ml in a Netherlands
population.

CA-125’s utility as a prognostic indicator also relies on determining a suitable time point to
measure CA-125. We confirmed that the nadir CA-125 is an independent prognostic factor.
Other suggested time points, such as at CA-125 at diagnosis, before surgery [12, 29], and
after surgery [6, 30], may not be as effective at predicting prognosis alone. The serum
CA-125 concentration is believed to be valuable for demonstrating disease persistence. An
abnormal CA-125 level indicates > 95% certainty that residual disease is present after
standard therapy (e.g., optional cytoreduction and six cycles of cisplatin and paclitaxel) [31].
However, our findings did not support the using CA-125 level to predict a minimal degree
of tumor residual in ovarian cancer patients who have experienced a CCR.

Because most of ovarian cancer tumors are high-grade serous carcinomas, ovarian cancer
has long been regarded as a single disease. However, the different histological types of
ovarian cancer have distinct biology and clinical behavior. Shih et a/. [16-17, 19] proposed a
dualistic classification to divide the ovarian cancer into two broad categories, type | and type
I1. Supporting this model, we found that baseline serum CA-125 levels were higher in
patients with more aggressive type Il ovarian cancers than in those with type I, and the
prognosis of patients with type Il tumors was poorer. Using the median CA-125 level as a
cut-off, we found that the prognostic value of CA-125 level was higher in patients with type
Il ovarian cancer than in those with type | tumors. On the other hand, we found that CA-125
level is similar between high grade and low grade endometrioid tumors which belong to
different subtype, suggesting that CA125 along does not predict whether the tumor belongs
to type 1 or type Il.

At the present time, primary treatment is generally stopped when patients achieve a CCR.
Nadir CA-125 and the pathological disease type are prognostic factors for PFS and OS
duration in ovarian cancer patients who have experienced a CCR. Clinical trials of
maintenance therapy may be stratified for nadir CA-125 and histotype, and arguably might
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be limited to patients with a poor prognosis evidenced by CA-125 11-35 U/mL and type 11,
once our findings have been confirmed in a prospective study.
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Figure 1.

The baseline serum CA-125 concentration in type Il patients was higher than that in type |
patients (median, 937 vs. 171 U/ml; p < 0.001).
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Figure 2.
The median CA-125 level was used as the cut-off point. The prognosis HR of nadir CA-125

was higher than at other time points.
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Figure 3.

Patients with CA-125 levels of 11-35 U/ml had shorter PFS durations (A) and OS durations
(B) than did those with < 10 U/ml. The PFS (C) and OS (D) durations were shorter in type 1l
patients than in type | patients.
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Table 1
Patient char acteristics

Characteristic Result

Median age, years (range) 59.7 (20-92.4)
Baseline CA-125 level, n (range) (U/ml) 801 (7-33,439)
Ethnic group, n (%) (n = 990

White 781 (78.9)
Black 57(5.8)
Hispanic 122 (12.3)
Others ™ 30(3.0)

Histology, n (%) (n = 990)

Low-grade serous 69 (7.0)
Low-grade endometrioid 39 (3.9)
Clear cell 34 (3.4)
Mucinous 20 (2.0)
Transitional 15 (1.5)
High-grade serous 706 (71.3)
High-grade endometrioid 43 (4.3)
Undifferentiated 33(3.3)
MMMT 31(3.1)
Surgical residual tumor, n (%) (n = 990)
Macroscopic free 498 (50.3)
<lcm 90 (9.1)
1-2cm 30 (3.0)
>2cm 245 (24.7)
Unknown 127 (12.8)
FIGO stage, n (%) (n = 990)
1 75 (7.6)
1l 58 (5.9)
1 653 (66.0)
v 198 (20.0)
Unknown 6 (0.6)
Adjuvant chemotherapy, n (%) (n = 909)
With paclitaxel 672 (73.9)
Without paclitaxel 237 (26.1)

*
Others including 16 Chinese, 8 Middle eastern, 2 Japanese, 2 Korea, and 2 Indian cases.
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HR of prognosisby CA-125 level in ovarian cancer, asdetermined by univariate Cox

Chen et al.
Table 2
regression analysis
CA-125 HRof PFS pvalue HRof OS pvalue
Baseline level 1.000 <0.001 1.000 0.001
Level before surgery  1.000 <0.001 1.000 0.004
Level after surgery 1.000 0.051 1.000 0.589
Nadir 1.046 <0.001 1.038 <0.001
Level at relapse N/A N/A 1.000 0.003
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HR of prognosisin ovarian cancer, as determined by multivariate Cox regression analysis

Chen et al.
Table 3

Variable HR of PFS pvalue HR of OS pvalue
FIGO stage

| 1.000 Reference  1.000 Reference

1l 2.361 0.138 1.848 0.296

11 8.135 <0.001 4.231 0.002

v 10.840 <0.001 5.026 0.001
Type

| 1.000 Reference  1.000 Reference

1 1.569 0.041 1.205 0.279
Age 1.008 0.222 1.016 0.026
The nadir CA125 1 042 <0001 1022 0.035

No 1.000 Reference  1.000 Reference

Yes 1.147 0.206 1.552 0.002
Surgery residual

Macroscopic free  1.000 Reference  1.000 Reference

Tumor residual 1.575 0.008 1.272 0.226
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Table 4
Hazard ratio between the nadir CA-125 and survival
Author, N Country cutoff (u/ml) HR,0S HR,PFS
Year
Markman,2006 384 USA <10, N/A reference
11-20, N/A 1.51(0.002)
21-35 N/A 2.32(0.001)
Juretzka,2007 241 USA 12 1/1.41(1.044-1.904) N/A
Prat,2008 96  Spain 10 6.0(0.0002) 2.15(0.0081)
Park,2011 267 Korea <12 reference N/A
12-18 1/1.68(1.11-2.56) N/A
18-35 1/2.85(1.70-4.76) N/A
Altena,2010 331 Netherlands 5 1.62 (95% ClI, 1.03-2.54)  1.75 (95% Cl, 1.20-2.57)
Kim,2008 123 Korea <10, reference reference
10-21, 1/2.396(1.270-4.521) 1/2.508(1.062-5.921)
>21 1/5.384(2.510-11.549) 1/3.929(1.140-8.607)
Crawford,2005 78 UK 10 1/D.1336(p<0.001) N/A
Grad,1994 223 Australia 15 1/3.23(2.62-3.99) N/A
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